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(54) SEMICONDUCTOR MEMORY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a semiconductor 
memory in which binary data can be stored dynamically 
using a small number of signal lines by employing a 
simple transistor structure as a memory cell. 
SOLUTION: An MISFET is formed using a p-type silicon 

layer 13 formed on a silicon substrate 11 while being S *nM%il ^ ^ 

isolated by an insulating film 12 as a floating channel 
body. The MISFET comprises a main gate 15 formed on 
the surface of the channel body in order to form a 
channel, and an auxiliary gate of an n+ type layer 18 
being coupled capacitively with the rear surface through 
the insulating film 12. The MISFET is a perfect depletion 
type and dynamically stores a first data state where a 
large number of carriers are stored on the rear surface 
of the channel body 1 3 and a second data state where a -feMSti 
large number of carriers are discharged to the rear 
surface of the channel body 13 with reference to a state 
where the channel body 1 3 is depleted perfectly by an 
electric field from the main gate 15 and a large number 

of carriers can be stored on the rear surface of the channel body 13 by an electric field from 
the auxiliary gate 1 8. 
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* z-jv^j <r>m i (DmtRnmnfn 2 <Dmz®mf££r 

CD— OfflMI S FET{C«J;0^$n, 

Mf2M I SFETH WgH^-ir- hfrt><Dmmz& 0 M 

my- h -E> co*#tc J; 0 iKrf2^P r colg 2 cd io 

T. JnffB^r ^J«f-f CD|g 2 (Omz^^^r U 

ffi^nfc^i^-rS'Wfili. tfriE?v^;i/^wcom2 

CD®CD£.f&*^ 'J Z£ifcttJ3-tifciS2 ^-^ttfflli:^ 
± S -y i7 (dfBtg-T £ d <i S^Sft:* ^ U & 
g. 

dco^#e(c^$nfc7P-T-^ >^co^^^;^ 20 
r-fStu £lcd3^*;v#7^cd^i coffin jg/&$n 
fc?i-^;i/<&^fiE-r-5fc«?)co±y- hs.mii 1 costs 
*HMcog§ 2 ©s»c««s^-r s«fc o izmmznitmmy 
- b&m-rz>7c-£Q2-mv>M i s FETtzmn. 

huISM ISFETIi MIB^y— h ©Sfffc: iOi 

lH^^^;^^^^^^t:bfc^Tfio. strtBffi 

8&y- hrt^ e»CO*Wc«t 0 WgE^V^^^-f ©^2 CO 
T. IMB^ + 2 ©ffiK^*-*- 

m-$nrc?&iy"-!?wm£. me^**^^©^ 30 
-r ±5 ? * cEtts - i ewitT«**#^ tug 

B. 

iCO¥«#*«±fctt«{C/1^->^$tlfc¥^#:Jl 

zw^v^jis-tf^j <dw, 1 <r>®m\zm^nt^=f-^^)v 

^"f S^^SlSCOM I S FETtSrtiA. "0 

mrieM i s FETit »aB*y-h^6o«^fc<koiw 
ay- h s co«#tc«t o nnfRfrZ-frtfTyf cose 2 © 

bT, iiirfB^*;M^©SB2©#JS{c#&*r U7 

is 2 <Dmm<D&9fr* «j 7£ttajs-e-;fcj& 2 ^-^tt* 

* 'J gs. 

[W*5@4] ffllEaSlx-^ttffitt. MISFET5 50 



2 

iti}ESfl2x-*#<£tt, |}Eft*Mr^tHH> 

3 c tz&wih-rzmMm 1 75s 3 ©i^-rn^KE*© 

5 ] iEM I SFETH, flfte¥«ttA®& 

Si. 

[11*9 7] WEWBiy-htt. ffirEI&MKrtffiXtt 
B5IB¥«#:S«<5:CO^®SKtrmffB¥##:)lco*M(c*K6] 

go 

[»*a9] «*COM I SFET*«Vh«J^XE5iJ3 
tl, SMI SFET©KH>ttt>y 3E-y— h 

Ci$!|#®t<h-n.W*«lXtt2fB«C0¥^^^ ; E'JS 
Bo 

[SMt9ilO] ffl^COM I SFETASvhU^XSB^J 
3^. #MI SFETCOHU-f >ttt*<> h^tC, 

t -r it *s 3 ih«co ^ ^ u 

[I*S11] «»OMISFET^h'J^EJ!l 
$tl, §MI SFETOHK>Ht*7 h&lZ, 

mi-rsw^js 8 tBaco^sfls^t 'j g§. 
[W*3g 1 2 ] Htrta^y- h \zm%&%-/m&\& v/ 

d co^FS%ttl2ttlHlSScogg*-m b^- ^ «r«j$ bTHuf2 
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[0 0 0 1 ] 

i5£W<Dm-?z>&ffiftm] calami*, tr^-r^yttm 
^mftt^vmw (dram) (cgi-r^o 

[0 0 0 2] 

[«£3fe<D&fl5] «0DRAMH MOS h^>>?y^ 

MFtlt, 2FX4F==8F2cDM®^T«S/jN$n 

9, ir^+h-TX^-^tciaFZ.hb^ii^. ^§&a*>f«: 
f^i*(C/jN$<^:0, F = 0. a=8 

[0 0 0 3] ^'&%1£&£&tDZfe^±)ls^ X&^U 

^v7v-t7:<z>hu>\z&m&'?z>rzsbizte. f<o. 

18/imtH a<8. MtCF<0. 1 3 umT'te. a 20 

jhm x*n^\,^m\zi&f&^&frtf^t£Wkm\ztz 

ir;U^6 F2^4 F2<D*€tZ\Z-? ^I^fel^S^nT 

i/^o l**u b^>i?x?&mmizLtsLtfn&tet>u 
[0004] ^nc^iT, ^rw^^&mvr* ih 

^>> ? X^^r^^EU-tr;i/i:-r^DRAM<7)tt^ : fo, J£AT 30 

©JOHN E. LEISS et al.'dRAM Design Using the Taper-DD 
Isolated Dynamic Cell" (IEEE JOURNAL OF SOLID-STATE 

CIRCUITS, VOL SC-17, NO. 2, APRIL 1982, pp337-344) 
<2)Wm¥- 3-171768 -^^DQ 
®Marnix R. Tack et al.'The Multistable Charge-ContOD 
rolled Memory Effect in SOI MOS Transistors at Low 

Temperatures* (IEEE TRANSACTIONS ON ELECTRONDEVICE 
S, VOL 37, MAY, 1990, ppl373-1382) 

®Hsing-jen Wann et al.'A Capacitorless DRAM Cell Q4P 
on SOI Substrate' (IEDM93, pp635-638) 
[0 0 0 5 ] 

znz> 0 m^mmmm^-^Mizm^n^m^h 

MfSttSrfT^o ©cP^Uir;^ m*lzOx.)l>ftMZ 
03L)immz£r)fr)£%L%\,m$:~m7*~-?£irZ>o 
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Oo ©(D^^EUir;^, SOI 3kf£_h£)MO S H^>> ? 

x^iaw^ns, mos b7>isx?teffim-t- 

ftJ&f&Ztl. HSWtcS^jA^PMOS h7>yX^ 
tM^tBbffiNMO S h^>^X^£— 
^iliLTl^o NMOSh7>> ? X^(Z)SSI^ 

[0 0 0 6] b^U 1?£h^ 

kkx v-7,mzmnmzmm\^Tn&Mm?&>& 
tt. so i&umftz&n&mffl&t&mtisT&r). 

£§L A-yH^Sttl)^, m^l*^#<^So 

[0007] znmMte. wm£b^>iS7>?mmz* 

^fBtt£ pI|£ <h Lfc^g£M U =gg£*§«-f S £ £ 
[0 0 0 8] 

(Dm 1 <D^tKMM(Om 2 CO®^^fi$£^T 
-OOMISFETiaDi^ HfrfBMISFET 

mz& o MiB^*;^^ <Dm 2 <£>®^$:^ u t 

-fc^-i (Dm 2 (DM \Z&%t3c*r U n/c?g 1 

37tKIS£. MIB^ 1 ^^;^^^CO^2cDffi0D#|S:^^U 
T^»m$i±fe^2^-^«flg<h^^^^^^^f3« 

[0 0 0 9] Z(D^\z^X. MISFET^R 

tf, ^mfcmmt, z(D^m»mm±izmmmiz^D^ 

§SOI (Silicon On Insulato 

r) mfazm^T. mm£¥-niz^^*)WMi&2nz> 

fSMISFETilTl^ni)o iiMISFET 

s o i m\zm$L^ntz.7u— >^co^^^;u^ 
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[0 0 10] dCD^(C*3V^T. MISFETIiSfc, 

&mzmm.ismz^**)vifim&Lznz>mM.M. isfe 

TtLTifigtl.CifeTt^ »ISFETti, 

[0011] C©fgBJ(£*i^T. ftttWK. jllx-? 
tfHte. M I S F E T & 5 Sf 1ft 5 ftT 

[0 0 12] 

©fPJCDlggift&^iJ-fcJl'iibT, SC^SMIS 
FET*fflVifc«^*iJBJ-r^. SB#£2.SiM I S F E 

^v^JUtfT^ASffi&ttlcffiSfl: (Parti 
ally Depleted) U *ffif+tt«**«38a 
fcCQTi&tb WTcMPDSMISFETt^^. H 
©PDIMISFETSffl^T. «^fFttM*S!-j§^J<7? 
^ifc*^U77!>*#*g3nfcSlll5 i -*tt^<i:> S^-Ptt 

y-r ^-s -y v creirrs ^ t^T^s. 
[0013] iid •e-w^^^u-fe^Mcroewffi^ 
jfiS* b T t» * . -> U 3 l ± >"J n >HMbK* 

©i(»i«2s^bTpai->U3>Ji3*»»jfKan&. s 
««5*«»fi!E3n. «aa»2fc»-r*«sfcy-xa« 

[0 0 14] nft^MISFET^e&S/tUt 

h5tt7-HftWLt, y-X6ttISlM(:gi^ 

[0 0 15] ^©^^U-trJUVICWllif^JgSH, M I s 
FETCft^f^ (Pl->U3>I3) 
*U7T»S#— ^©WKSflJfflT*. SP*>> MISF 
ET&5ffi<gW)ft2ii:2>z\t\z<i:K), K b-f 
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^(DVtffi&mit&T 1 -? "i" its. h 

U"f >7 ift^Mr-i' ©WfcJfi;£|6j««E£i«bT, 

n^-* "o" t-r^= 

[0 0 16] f-^ "0" , "1" tt. ^-fr^^T 1 ^ 
CDfl&CD^T&O. MI SFET©Lf^fi©iibt 
53tt£n-£„ BP*. 0 2 Karri 5 ic, 7jx-;l/#«^«fc»3 
10 f t*Mf-f IfiVb o d yffliSUx-^ " 1 " t£li 

fflL^mvthiit 5*— * "o" ttffirobfrvMBv 
thOiOfiu. ?t*^f^ i:*-;i/5S«LfcT 

"1" £ft£CfiWr Sfc&tCtt. 7-KHWLl: 
#A3®ffiVWL£ftfCffi&T2>CtaW3:b^. CCD 

ED, K*ab»fPSrtf-3T"b*t>6ft:V>. IP*, 

20 [0 0 17] ^-^S^tBbte, S^WtC^^EU-t^M 

ggSJEVWL tTr^-f body ©H^0 2 C0<fc 

5l£&£©Tr, 09A.fcf, 7-KiWLH, =r— 5> 
"0", "1" rott^fVthO, VthlC0ff>KC0 

Ttltf, ^— ^*^tilT^-5. «V»tt, Lt^IV t h 

o, v t h i *m*.z> r 7-\ i mm&.&5-x-x. *^u-fe 

30 [0 0 1 8] 01 CO^^E'J-fe^MCtt, g^^JI/jtf^V 
M«C®#4'tt®«**#&T5^*>»$>5PDg!M I S F 
ETgrfflt^T^S., gP^, 0 3 (C/\*> KH^bfcJ;? 

y— hc, ft*M«an5iEv f g=v t 

<LTfT^ta^5&l'\ MI SFET©Ut^lVt 
hcoy— (5^*;bS) LtC^-r-SD— (r 

40 o i i - o f f) ■p*0S5 i **JW***««w-r 

SfcfelCfc. 5f^*;i^5V©^l&#^gtty-hgL 

[0 0 19] pn^U-ftlS. ^V* 

^tfx-r ©*«*««fi:S«H*WKtt#bTtf»rr 

• mg^«ffi&rXMaS«^ttm*Se (Thermal Field 
Emission Current) ffih'b (G.Vincent, A.Chantre and 
D. Bois, 'Electric Field Effect on the Thermal Emi 
ssion of Traps in Semiconductor Junctions,' J. App 
so 1. Phys. , 50, pp. 5484-5487, 1979. ) #*-5. Ctl^cOp 
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'J TJS«*<«^-rSfc*fC«i!>L, • 

tfmZ.Z>Z.tlZl2.2>. 
[0 0 2 0] Sit, "0" 5 s — ^-fc;UDL#miV t h 
0i, "1" f-^t;KOLgHiVthl©iTi3 

n&mnrn. a vth=i vtho-vthi i a. 

A*-f 7X55i*{CScf^T^S^)o MISFET)5««t 

{fcJUJPt ox5:i<ni:, SSn-f773a«ttPt^ 
T<-5„ ZCDtctb. i^iAV t h^«g«-r-5(r«, 

[0 0 2 1 ] -e-C-CCKOfSWCtt, ttMflsL&iSfK'b 

O lZ, $Z±&2.MM I SFETCiO^t'J 1z)l$:ffi!$, 
T-5. H ~T. ^SIMISFETill f— biz 
m&^WUa^X^r^-^m^ti^t^iz, ^y*)V 
**%&&2.it (Fully Depleted) 

StlTH-SfcCDTi&O, OTmf FDiMI SFET 
ZOMteFDSlM I S FET&^tUt^tb 

£S*(M£IiiUT, ©IB 2 

t & -r 5 >y ^ tea atif s c <t rfx £ „ 
[0022] mmommi] fdim i sfet^h 

S« 1 1 ±»c v 'J 3 >&ft|g|*§S©if&jg:JB£ 1 2 j&f»flES 

fc, SOII«*fflHT^5. itll2[t ->|J3> 
§1 3©Tfcai«)iiStlTV»afc«>, «TCin$rBOX 
(BuriedOxide) Itl/^. /t'JtMC 

a. pa->y a >ji i 3 tcy- hssaigi i 4 ^lt± 

T. ->'Jn>Hi 3©Hsffifcj*-r-5V-;*. h* k-f >t£ 
«!I16, 17«fS$tlfcnft^MISFETt 
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[0 0 2 3] ply'j3>il3tt. ^fC*#:WfCi«HJ 

i 3©7i't7'^iSNAtf$ t s i&mfeznx^ 

2JI©JPS«. 7i^$^f»tM<()F, ->U3> 
©i§*$?£: £Si<hUT. (4 esi • *F/q • NA) 1/2 
T^£*l&7!r"=>, ^^JSMISFETOfftH 
(4 e si • <f>F/q • N A) 1/2 > t S i <h;£3„ 
10 [0 0 2 4] $fcl2eD0iJT«, y'j3>SSH4pI 
tit, x'Ja>ISl 1CBOX11 2t©#IiC 
tt, pl->Ua>H 3^f,45?t*Mf^05H 

18B, 'P1S.< L%±.)VTV^W$.±mz%.tz.tt-iX$i 

ts^s^Axis o , n +§yi£mjs i 8 zmmy- h 

20 1 1 g^^ffiliy-htLTfccfc^b. ^^ttp+^St 
[0 0 2 5] ^t'JtMClt S^^^jHtV**® 
VhU^7.BB?iJ$n-5„ liSfjy— NiLT(Dn+^ 

x\ boxii 2Rt;c©±i3isti-5iriaiii 

[0 0 2 6] Jtr#($fr0iJ£3*tf£<>:. y-hSttL=7 
30 0 nm. y— ht&BMm-t. t o x= 1 0 nrai U p 
Iv'Jn^U (^-t^JM^tV) ©T^-fe^ffllS 
NA= 1 . 0 X 1 0«5cm-»S«£#*fcfi««fc 
-TSo MfC, ->'J3>11 3©/P£«:. tSi=25~ 
5 0nmglif5. BOXI12H 3 0~5 

[0 0 2 7] Z.<Dmfctkt\FX*=£:V±.Mt, FD1MI 
SFETt&S. ^ffi^*;kri^/££n££#6DA*> 

40 ±y-h(c#A.S@EE^V f g = V t hTft^Mr 

y tt^^2<fr*. fib^utu pa->'j3>is 

6©A'f7X«JEVb gOBWBHCt^T. ^^2ft:L 

mmzmars-^mm (pasei) tim^n^ 
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T. 

[0 0 2 8] ^6 td^-f J: 5 fc, i^*— h CD^ffi V f g 
t*ltty-KO«EEVbg»C«fc»), 5S±£5:teb*:^ 

iHjwii«"rn«. y*:M'#5V*«fc*-JW**Ka 

"0" ^-^S^&^tt. h'W>t?t^ 
^©KUcJlI:fr|S]®«t*8itbT, J-\^)V^ : f^ co*- 

hrdtw-mmm tu "o" ^-^-trjwc "i" =f- 

[0029] ^<o#iMcD^iifcj;&* ; eu-fe;i'COb£v> 
mm&v t h^^.^„ h*-> ©m^K <t o -> u 

Vbgif^tBOXil 2[C«bfc->U3>gl 3 CO 

S FETro^ffi^-v^;WCO^TC9b€rVMiI®EV t h 
a c c «, ->U n >Jf 1 3 CO«BCO«fi:*tH^$tlTffi 

Tis&i-e*sns. 

[0 0 3 0] 

[fcl] Vthacc=<f>FB+ (1+Csi/Cox) • 2 <pf- 
Qdep/2Cox- (Csi/Cox) • «f>bs 
[0 0 3 1] uCT, <pFBtenSJ#U->U & -5 

iy-M5tpi->U3>ii3 

#^>->VJk (pbstt^^JW^-r^ScoSii. Csi 
ti^-^-M/^T^co^ft (=£s/tSi) , Coxte. 
y-hS6^co#» (=£ox/tox) , QdepttSfe££ 
^{fcbfc^Y^Jl^TVcO^J^SrS (=-q • NA • 
t S i ) 

[0 0 3 2] hmiEVbg^-> ua>li 

«Ett. y'J3>i 1 3co«®^e,coffi|&y— 40 
ig«!r&C0jiJ#£§tt3. BP*. BOX«12©gUPt 
B0XiVbgCOffifcft#bT. b€TVi«f|JE*^t)S. ' 
COS-&COb#^ffl*Vthdepi-rn«, TfB$:2(;:<fc9 

[0 0 3 3] 

[§&2] Vthdep=Vthacc- (Cbox/Cox) / (1 + 
Cbox/Csi) • (Vbg-Vbgacc) 

[0 0 3 4] Ht, Vbgacctt, v<U 3 >B 1 3 <0« 
BCM+t'JT (IE7L) CO K&K&ttfft 

h«ffiVbgCO<iT$>0, iWTC0^:T-^X.^>n.5o 50 



10 

[0 0 3 5] 

[$C3] Vbgacc=<pFB-Csi/Cbox • 2<f>F-Qdep/ 
2Cbox+ (1 + Csi/Cbox) • <pbs 
[0 0 3 6] <pbstt>' , Ja>g 1 3©»ffi»5p 

T«-6*V»Tl»*«k3|qBtt«iT?tt, <pbsl=0VT* ' 
So ±y-htCv-U3>^l 375*SS£?g£ 

fl;-r*fcj6JSa:«£E*^«4:*fc, «i*y- McVbg 
acc£#X.T#<E>n&^3&IK<iT&9, Sfc^U-fe^ 

"o" 5 J -^£##5^fc*tt<i» ott)f7hitft 
;M'#5^©pn*&sjfe&fiifc/t7 , -rxu #«sti 

TWcM*t'J7 (jE?L) £9l*tfcHT. M^ffiKtt 
^6-T5bfctt«Ttt, ->U3>11 3C0«SC0#T-> 
->^;W<pbstt, 0VTIi?S;<, ^©{IK&S,, eico 
"o" 7 J -^^li©v- , J^»ii 3©a®co#x>v-v 

;U*bsSr. H 5*A-f ^->5al/- ->3 >©8£ 

<f>bsO=-l. 5 7 X (pFt{K^-r-5<, 
[0 0 3 7 ] £UiC05S;£/B^T\ tox=10nm. t B0 
X= 3 0 nm, tSi=25nra, NA=1. 0X10 
i5cm-3. MM (3 0 OK) ©if-^C^^T, V^^M 
V t htmW<!f— b*JEVbg©|18^£#iD£<h, 0 7 CO 
^IWetlS. £CO07^i=>. Vbg*5-3 VcfcOfeE 

tc&o, ^^uaiiettjBab&vi. bps. "i" ^-^ 

• #&*-»fe£fToT. ^$C*^'J7££/£b/t£bT 

tcactB^nxb^o. 

[0 0 3 8] Vbg£- 3 VJ;0fttC^:€r< bT<$< £> 
ffiajy-hffl^ecomif-tCfcD^^Y 'J7 (IE?L) 

ilt<5. nn«, gijco^^-rn«, vbg^-3v 

b»&V>5fifJfe«ttt* (^^£ft«l8) ^«^>^. Vbg 

sgta^-r-s^t&iSftbT^*. eico^s^ffi^ 

tyi/7.5 L A*D R AMt;Pi bTfiJffl bfcC0*i^C0^BJ 
co^XabSiV^-5 dt*iX^S. BP^, BFffecOIECO^ 

y- hm& v f g tftcoMSiy- hmv b g 

"1" x-^*«JtbT^-5^ (V t htffil^l) 
ttf^¥ffi«ffiT$. D . "0"f-Mi (VthAW) 

■?mz "i" ^-^tcss^s^-efes. 

[0 0 3 9] ^t'JftfPS, ffiiby-hSJIvb g*i+ 
»fcfi<, "0" 5*-^. "I" 5*-* 'J 

t (ie?l) 75<#«^nfc«ffitcbTfT'5 trn«, m 

iAVthlt gcl*^, ^C0ic4tr^$tlS. 
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[0 0 4 0] 

[ft 4] AVth= (Csi/Cox) -A<f>bs 

[0 0 4 1] A(f>bste "0" T-PVtmt "1" 5*—* 

0> «^«SJt*S*S&«)Jctt. CsiiiCoxOit, * 
tox/ tSife^c#<-TS*\ A<£bs£:;*:^ 

£o 10 

[0 0 4 2] »4*^W6*^ct5l:, d<0SgJfi<0»IB 
©**U©«dttflM»tt, PDSMISFETSfflU 

T^ftK Cox£/Jn£<. filEoTy— MMtHWtox* 

DMI S F E T 3/ 3 - h f t 
#<> tox«JS<ttl#£l>. 
[0 0 4 3] dtlfcJtbT, FDlMI SFET^fflVi 

\z&mirz><DT\ toxm»<Kfif acfcat^rtEtft 20 

<5o *fc, WliSttKST, «^a*«tox/tSi(0*^tt 
*§^T t> £ ©It $ «fc 5 fc Jt««/h-rtitf 

[0 0 4 4] H^}:, 2 ^C7C©5ry\*< Xi/^al/-: >b 

<X^7^-^H y-hSL=7 0nm, h*ffc 
iftox=10nm, BOXJf jp t B0X= 3 0 nrru > 
U3>i*tSi=2 5nm, 7&±7&9k&N A= 1 . 30 
OXlOiScm-3, Vbg = -5VW„ 
[0 0 4 5] @8H 41 0" ^-Th<h3l#M< "0" U 
-H*frt> 0, g!9«> "1" ^htgi* 
m< 44 1" 'J — K^ffofcS^Tife^o H8C5»^ y 

— h*-4 va*s i vfcsts±tf, einfciinTHw 

KK>S:S«0Vl:KUc^5>^2. 5E-0 8 

■6±«fTK*mbfttfoTl»*. 40 

[0 0 4 6] 0 9<ZM§-&\ y-h$-4V/)^ 1 VlCfi: 
"S-ttf, £ttfc«*lTKU*f >£0 V*^6 1. SV{ZiL 
*3_htfT, 44 1" 5 f -^»#ii**ff^T'v^. -tb 
T, y-hS-4VI:RU HK>*BK0VICRL 
fc^i=>y2. 5E-0 8*T-*«»ttlt*l/T 

[0 0 4 7 ] H8R«H9 tc43(/^T, tf^ttffifcLT 



12 

mbf$<7X h 4 H >«»EI d s -y-hiEVg s4$te 

IdsO, IdsOmm "0" 
/U-H. "1" h/U-K«KD»ttT?»«. K± 
^-^M^HibP#©m^MAV t h«5 0 

[0048] ii ift mmv- hmmv b g sgfts 

"0" =f—9(DV t h 0 <h 44 1" ^—&<DV t h 1<E>*$ 

[0049] [mm<Dmm 2 ] 01211 mntmnm 

TSIT^S, C^iiOHTft BOXJS 1 2 CDT 

P+lMly'j3>I2 lta4>&< th-tJlsTU-TM 
[0 0 5 0] [HiS<Z>«!B 3 ] B13lt m<D-$m<Dw 

m\z&z>*^y±)),m7&&, mi 2i:M$ttsiT 

T^§o ^ *»ft'>Ua>|2ltt*&<t 

[0051] mm<D]&m 4 ] huh 013 c^^it 
tt, boxii 2i:«^nsMlyUn>l2 1 

[0 0 5 2] ft*. El 1 4 fC^f cfc 5 \Z. «8&y-h& 

[0053] mm<Dmms] :^sTO*«©»Bt 

tt, MI SFETi LT, 

ft£^*;i/£^/£T£*a£S!M I SFETSfflW^i 

[0 0 54] pSy'j3>SS3 104B(:ni!I3 2 
«S^tlT^^ C(Dn^jf3 2_hCDS^^E'Jir;l/@ 
ttttcOpIy U a >I 3 3 /lV^->M$nT 
^£0 nI13 2lt ^^EU-feil/CD^av— ^tft 
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lajf-S^y- h 3 6 ffi#©#J® fetter- F 

*fi^3 7^^LT*ff6]TS*8j^-K3 8#fl£j&3n 
•5„ Cl^TttPS-r-S^^'J-fe^MC^Sby-hS 8 

mm&mm4o<D±\z, & k i^c > 2 4 tcg^ 

n%>\±v hig|4 ltftiBlSatlS., 
[0 0 5 5] ^WfUS©^©*^*), p^v-'J=i>Jl 
3 3©JP$ (#*#|6]©ipS) RZPfM®mBlZM/v-eFD 

iMisFETtiT, tfcvmmoiMmizmmomm* 

[0 0 5 6] »lfflfI6] 01611 ffiMMISF 
ETf*5*5, 5^*;W#y^©j£M©mftfMiP£fT O 

9©^#{£:&ft£i*£J;5k:Lfcfc©T?<&-2>. BOXjf 

m4 tmmT~&2>rf, boxh 2t,tm^o ^-cit, m 

1 6CO>7— h*^WLtC?Q-3fctlfffit^L,fcJ;o(C, BO 
XJ112rttC, p^~>U3>Jll 3 ©JggB<ll®k:y- h 
mmWk2 3«:^-bT*f[pJ-r^J;5^iiS^->Ua>B2 

2 Srffla6jA^Vi-5„ Mi.y | J3>I2 2 
H pS!vU:3>Jf 1 3©jaa$J£:lta6&£nT:fcD> 

ly'j3>12 2*«< pl«:>Ur]>Jf 1 3©JggB£^S 

[0057] =i©iiiig©^jitc«fcoTfe. 9c<D$m<nm 

->a >{C<tD*IE$nfe. fiTFC ^-©3#7C©y/Vr 
XySaU-yayffl^MSt. y— 
hfiLS^- h*SW#L=W=0. 1 7 5 um, ^ 
-h{ffl©y-b^{fclg£JPtoxf=6. 5nra, ftW 

C07^-fe7 p ^JSSNA= 1 . 0X10Scm-3, 
£y-hl 5&tf*f8!jy-h2 2*l;n«^->U 
3>, «tty-h«BEVb g = -4V, Sg&y- b<9J© 
y— h^-fbStJP t oxb= 15nm, yU3>I13 ©i» 
JtSi = 140nm, BOXlf t BOX=2 0 0 n 
mt*5. fiH®W^Sv'Ja>J12 2te, 

5^ <2iij £ ©tsx* iTffis?> £ nr ^ 3 © £ U fc 0 
[0058] iai7 1 8 te^-ti^t-u mmomm 

KDm8JgLZtm9l,ZZifcT2>. "0" h/'J-KR 
IX "1" 7-f h/U-h*»K)^^Tafe^. El 
9 «. 010 tCttJ&T -5M*-t±i L-Pt© H V-i ymM I d 
s -y-hSJ£Vg s#ttTab-5o £©5M£©^ffi-Tr© 
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{f^-ttte, iVth=2 5 0mV^fc. 

[0 0 5 9] ^d$TCDHSS«^ffi-e«. pS->'J3> 
^Sft53 L Y*;i'#y^£gfOn5 1 r*Jl'M I SFET 

M I S FET©L#<^<1V t hSrlEWtekrr-SfcJdfc 

T. £y-MCn+^*8iii5'L):3>£ffi^T i feJ:^. 
[0 0 6 0] 12 0B. *14->U3>Sr^v^;^y-f 
tbtffl^fcMI SFET©f^© "0" , " 1 " =t— 
^©bt^iVthO, V t h 1 tmmy— hUBEV b 
gCDP^&ff-ffbfc^m^Hl UCMiS^-a-TSLT^ 

20 ^-S. 

[o o 6 i] *!&y-h*BEvbB©tttt, " i " y- 
vbgs, " o " y-^-tr;u©y ^ *;i^y ^ 

*t'J7)15I«Tt5f (02OTI1, Vbg = -2 
V) «tD<bft«ki-r*t. fiflAV t h«g*»;:fc 

"o" y— ^;i/©y^*;i'#y^i*i©KW>, v— 
30 sit, "o" y-^-fejvw^^^ji/^y-i'H 

-^©/fcifcfcH h*EEVbgtt, "0" 

y-*-fe;u©^*;i/*y^ K^iSc* * u 7*»*«sti 
sflit, "1" f-^-b^oft^Mf-f fc^is*^ 

1:^2 0 0)^5(1 -2. 0V<Vbg<0. 5V 

©«Hfc»jrr*. fib, f-^§»Fi^s*^ni. 
tt^©«j:07V:^< <tn-5©T&nn "0" y-^-tr 

o%/h$^«jEvbg(cig^LT. mnm*m*i\zTz> 

[0 0 6 2] CW^BJfCi-SDRAMSr^jfi-r^ 

R^w-a^aym x/t 7 ^ — * ©«^> tcwr* 

#I±^Sj*I1^^)£. ^©^1 ©J^icft^. 
[0 0 6 3] 
[*1] 
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15 



16 





o 


i 
i 


9 
L 


NA[cm~ 3 ] 


Id T L J 


1 p+i ^ 

JEitlO 


It+ID 


toxfrnul 


10 


in 


1 u 


tBOXfnm] 






aU 


tSirnral 

uaj j ^ Jim j 


u J 




DC 




c 

-o 


-7.5 


-4 


Vbgl[V] 


-3 


-4.5 


-2.25 


VbgstV] 


-4.5 


-6.75 


-3.56 


VthOtmV] 


1050 


1800 


710 


vthibv] 


620 


1100 


410 


AVthfoV] 


430 


700 


300 



5 



[0 0 6 4] sim ft*;pfiLtft*WT>f 

tox, BOXlf tBOX, '>U3>i»tSIOj6 
KKlfcHxT* VbgOU "0" 9^Z)V(D^^ \Z 
M+tU7 (IE7L) SWtSotiMft**©!!!! 
y-h«BE*SU VbglH "1" f—^^)V(D^ 20 
r-f^ft+t'JT (jE?L) 

©May— h«ffi£*LT^*. 

bmj££>l£5£fil V bgsi bt, " 0 " ^— ?&f$m<D 

€r<Btfl5*fl=rt*S* Vbgs=VbgO+ (Vbgl 
-VbgO) XO. 2 5£^U ^<Dh%<D u 0 " 
^-fe;KE>b^MfiV thOt, "1" ^— 
^fVthl, sEtC^n^MAV t h^LW^o 
[0 06 5] ^1^6), t o x= 1 0 nm± 2 0 %. t 
BOX= 3 0 nm± 3 3 %, t S i = 2 5 nm± 4 0 % 30 

gstt-3. 5V— 6. 7 5V0ilttt§, J 
fc, "0" r-^ObtlitV thOS71 OmV-1 
8 0 OmV, " 1 " ?<Dls%^mv thlB410 
mV-1 1 0 OmVcoigHT^tdT^o 
[0 0 6 6] ZftZ<D&m&fflX-Z>^£&m^'V$>Z>ZL 

<8Bl/TV^^ ^Rl;±l0%ift©flB6r)# 
JBEVbgs<h, Lt^fiVthO, Vthl(?)«f:# 40 
i^Hib^07- KiOfEVWLHR, ftfiFNPcO^ — 



1E+15 1E+15 1E+15 1E+15 

10 10 8 12 

20 40 30 30 

25 25 25 25 

-4 -6.5 -5 -5 

-2 -3.5 -3 -3 

-3.5 -5.75 -4.5 -4.5 

1100 1050 810 1290 

610 610 490 780 

490 440 320 510 

[0 0 6 7] ttl&y— hflEEVb g s ±i4©»7— H 
»VWLHW/VWLHR/VWLL«h U 5 >^ 

^Uir^l^C^JitcAf X hfflM I SFET4^7^S 
tEitS. ^JKlW^fcCl©^;* hfflMI SFET^C 
t^^T, "0" 5 s — ^»*a*/»*lBU2a« "1" 
— ^»€r"ii*/K*tt,U*ff^. fOMISFET<?)3 
iffiiTOl^^lV thO, Vthl £fi(J5£-r£o 

out, *ao)»«iy-h*fl£Vbgs**5g-r*. 

[0 0 6 8] jHEU^^fctt, »fts*fr£SJJ8 

©fx heil:So^)T, 7a-X^yni/7At-5o 

£nx, y^EU^^^rtcMSiy-hWEEKffiiaR, V 
WLHW/VWLHR/VWLL*07-HiBtJE»4 

So 

[0 0 6 9] mmcommi<o±:)iTu-fmm'] 021 

bT&9, H22, H2 3Rtfa2 4lifnfn, i2 

1 co i — 1 * . 11— ii" xtfiii-nr mmm-e&z. 

SOIltopIy'Jn>113H 02 3&^i2 4 
\Z^k~t^o\Z. STI (Shal low Trench 
Isolation) \Z&QM&j&&tir£m^rftMm 

mmi 0 6tcj:oT, M»BL<^*iBik:*«-r*^ 

pSy'j3>H3l;, y-xi6S«HK>i7S 

tnfne^ N«*rRjK:iB»-rsM 1 sFETtMt 

S^T«3gttf)M I S F ET#BBW«J5fc3n*. 
[0 0 7 0 ] y- h««5 1 5 V— FiWL £ IT, 

-bins <D±MRzmm*zs u =1 >3Mfc« hit 

teU 7-H»WL*fi»:i*MI SFETOV-^16 
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z&mt&m-tz&mv-zigi. (su io2^s-> 
U3>ia*ibT»j0ESft*. mmsmmi o 3±ic 

MISFETO h*l/-f >lCS^^nSti-v (BL) 

1 o 5 tf&mz nz. mm?— h t br© n mm i 8 

-5. 

[0 0 7 1 ] y-KilWLMfy HgSBL£:«/Jv6nX 
Tf^F<D^-T>/ / X^-7.-C^fiS;bfci:-r^)<h, m$L± 
jvnmz. @2 1t:-M^lfc«t5l:. 4F2.J: 

[0072] [mm<D&m 5 *ns©-fe^7 w stjg] 0 

2 511 01 5(cS*-fe;U«®*^bitlliS©^5*t 
^IftWSt^T 0 U-f 7 1 ? 0 , 026S 

1502 7 H2 5© i - 1 • Rztu-iv m 

o. e^wpM->U3>ji3 3&&&mf&2ti2>. miz 
\$mmwk3 9fimtb&>£rLZ>. z.<D&mm3 9ic, v- 

b. ->U3>I3 3<DMfiWtcy-hffi^3 5, 3 7 

br^-rs^y- h 3 6 Rzfmm?- b 3 8 
(£>&£n3. h 3 6 msmhf- nsn 02 

[0 0 7 3] 'MfiH*3 5, 3 7 [Slb^Pfr 

— h 3 8 <D±SB:UCigiJ®« v U n >g-ffclg| 1 10 T®t> 
nfc«ffi<h-r-5. -?-bT. ->Un>J13 3©±®{CHU 
-f > 3 4 £il£f8:^f£b*:&, iriM4 0 £ift«bT 

mfflmmm4oiza>??b-77#i2 2&msb 

-?-©±lCfc:-y (BL) 4 1£BBi§!bT\ 

[0 0 7 4] 1212 5 IC^Tcfc 5 IC, yu-h^PLIl 

SJc^Cl. 2*CD 1 7-h'^WL(C»*tlfctt^TiHta^ 

X^-X&F, fc*>y hi$BL©^-f >/X<^-X£:F£: 
LT, ^©sfeSS©^©*^ ^ir;i/ffl^tt. 6F2 

[0075] mmnmm 6 ^©-t^r u-r «®] 0 
2 8 it. mi 6 \zm*-t)immz^isfcmm<»Mm 5 m 

S3o Rtfm 3 1 a^-ti^'n, a 2 8 © 1 - 1 * , 11- 

II' SOClII-Iir GSfrffi0T&3„ 02 8Rtf02 9© 
S#-fc;U7L"f 0 2 1S«I2 2 tR«Tf»* 

**, tf-y MUBLiMfrbT, fttfy hSBLfflfira 

cffitty-ht^-5^av"jn>ig[2 2*t«*a*n 

n >8i 2 2 (S, P Mzs ija>gl3 ©«ffij£«fc*f ifij-f 
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Sioli. *^Wtc:ttp^>''j3>g 1 3©J¥^©I^ 
+8£K±iB!WfeflM"-5.i:'5»C, BOXil2|*|Ct* 

3„ 

[0 0 7 6] l^VT-Vfm&mm Z.ZL&T*\Z, -fe 
;i/Tl/'f©«3§^J^rabfc75^ ^ffllsIS&^^T^^ 
U5P-;/X©3MffilH]S&£^-r£> 0 3 2 ©<fc 5 fCteS. * 
^6 U -fe;i/T P-f 2 0 lW^y-hT^eft-S?— 
□ ^7T3-y (y-FSK^ A*Sr-&tf) 2 0 5(CJ;0 

ir>7.T>y2 0 2{C^$n, *7Afn-^2 0 3 

0 4^LT I /Offl^t^-^RSjWfrtona. 7F 
T Kl/X7N*-y 7r 2 0 6 \ZXf}^tl, 

tki/x. *7A7^x*5fn-enp | ?f3-y2o 

[0 0 7 7] P^r3-y2 0 5<&^bT-fe;U7^-r© 
"7— Fa&fc-£*e.n5#WWW«JEEVWL (MM©^ 
IC, #^jX^-P#©i«U'^;i''7- h'ltSVWLHW, m 
20 ^mbB#©"7— H^miEVWLHR, GMflSF©tel^;W 
7-mtEVWLL^tf) . RZfm®tf-b\z5-z. 

se£ms&2 o 7©ta*«E*5 L «yys»cg3SMfc^-r 

SfcS&fC, SJlS^l/^X? 2 0 9^|g^etlTV^. 

[0 0 7 8] StrMibfc«fc^«fc3(C. fXHSSCiO. 
«EE%£lslB2 0 7#lii;&-ra#a©«E*«*tt£-r 
^>fci*©^}f^ttfetilHlKibT73.-XlHlSS2 0 8** 

tsttenr^s. r©7i-xiHis§2 o scoyn^s 
/^y— ^->^mims&2 i o®iijAii<t-jT, 7a- xisi 

SS2 0 8 ©5 s — **t*MIIBfc W>X^2 0 9lZ^W}&HZ 
Sl^mStl. ZKDWmWtfeUVX? 2 0 9©fct}?jfc:<fc9 
«ffi*£@«2 o 7jWMfP;5ftT. ^-yX«i(cgigft;a 
nfcUWIEEVWL^HJWEV b g #fg£a*l3 <k 5 

[0 0 7 9] 

[S89i©«i*] JW±^fcct5(Cd©^HJ(CJ;nH - 
40 9©^JSMISFET£lf7H©«'Jt;i/i; 

[0s©ffim/cCi5iBj] 

[01] PDMMISFETSfflUfc/t'JtMM 

£svr0-e&s<, 

[02] n^^u-fe^wii^gasiiwrsfcft©*^ 

[0 3] ffi;* ; E'J-fe;W©A*>H#jfi£*-r0Ti&£. 
[0 4] C(D^i©Si©fffi(C±5FDIMI SFE 
50 T^fflVifc^^'J-fe^Wfilji^^-raTS)^). 
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[0 5] H*^Uir;wcBg*A> K«ii**-rHT* 

So 

[0 6] P^^Uir;!/C7)S^^T(7)A + >K*ii<&*-r 

[07] ra^u-feJi/CD^— * "o" , "l" 

[0 8] mt^V&MD "0" »#i£*/R*HJl,(0l!i 

fp«»««-rB-c*a. 

[0 9] f^^ED-feJMZ) "1" g^iA^/M^ffibc^ffij 
[010] H^^U-t^KfrfflUWfOHU-f 

[011] w^^u-fe^floft^-^ttn^bs^iiiiii 

[012] (fi^JficojBISfccfcS^^U-fe^flDWJS** 

[0i 3] «©«ifi©»«fcj;a^qEU-fe;w©«ia*3R 
[014] ffi©*jfio«iBfccfc*^qEU-fe;we!)«ja** 
[015] »©*M©»iBfc<fca^^U'fe;p©«!jat3R 
[016] tt©*lB(o»iiki«t*^^u-fe;wflD«ji** 
[017] ^Jfi©»ffi<D^^Uir;Ko "o" 
[018] H^y-feA'G) "1" »#ii*/K*lHLfl!>* 



20 

[019] ra^^Eu-t^K^aibWf^KuomaE- 

[02 0] H^^EU-fe^©*^— ^tttt©b#^«i:*| 

ay- h«EE<&yw«£*TBT**. 

[02 1] H4©*«<D»ffi©-fe;u*ififc:ck**#W«: 

[B2 2] H21CI-I' $rffi0T&£o 

[B2 3] B2 l©II-ir il^T^^o 

[024] 02 1 CDIII — III' ffffiH^fe^o 

[02 5] 01 5<Dmffi<DMm<&±)\smmiZJ:2>M;#:m 

[0 26] 0 2 5 <D I - I ' 8ffM0TSSo 

[027] 02 5con-ir mffim~e$>z>o 

[02 8] 01 6©*Ko»ll©-fe;u«|jSfc«tSA#fl5 
4 W K © K 7^ h SStBT*5o 
[02 9] 02 80)1-1' WBBT&5. 

[030] B2 8©n-ir mmm-e&z>o 
[031] B2 8(Din-nr mmmT*$>z>* 

[03 2] CO»W©3Wici)»«lcJ:*^ ; EUy!yy© 
«MB0tt£jS-rBT*<5. 

11->U3>M, 12-ifl (BOX1) , 13 

>, i 8-n+n mmtf-h) o 



[0 2] 




[0 3] 

n-Si SiO* P-Si 



VWL 



A 



Vfg=VthJ"- 



* tV 



















Si02 p-Si 
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[04] 



[0 5] 




SiOa 


P-Si 
_ * *f< 


Si02 


/ 

















[El 6] 



n-Si SiOa P-Si SIOz p-Si 
V-h I *~tV sub 



/I 



Vf«=Vth^_ 



^Tvbg 



[08] 

"©"write/read 

(tox=10nm, t B O X =30nm, t S i = 2 5 n m , 
V bg=-5V. N A=1.0o15cm^) 



2 

I 



[07] 

tox=1 Onm. tBOX=30nm, tSi=25nm, NA=1 .Oel 5cm 3 











1 1 






































1 
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thC 


> 










s 
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th 
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1.4 
1.2 
1.0 
0.8 

o.e 

0.4 
0.2 
00 

-02 



-10 -9-8-7-6-5-4-3-2-1 0 
VbgCvofts] 

[0 9] 

"1 'write/redd 

(tox=1 Onm, t B O X =30nm, t S i = 2 5 n m , 
V b g=-5V, N A=1.0e15om~ 3 ) 




5.0E-09 1.5E-08 2.5E-08 

G.OE+00 1 .OE-08 2.0E-08 3.0E-08 

TimeCseo] 




5.0E-O9 1.5E-08 2.5E-08 

O.OE-KXJ 1.0E-0B 2.0E-08 3.0E-08 

Time [see] 
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il 0] 



(tox=1 Dnm, t B O X =30nm, t S i =25nm, 
V b g = - 5 V , N A =1 .0©1 5cm-a) 



5.0E-C6 
4.0E-08 
3.OE-06 
j| 2J0E-O6 

i.oe-06 

1.DE-21 
-1JJE-06 





































r — 


































/ 


* 


















Id: 


31 


























































-k 


IsC 
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